This is the accepted version of the paper.
INTRODUCTION
Indices are regarded as the simplest and most cost-efficient way to acquire exposure to underlying markets. In commodity markets the first index dates from 1957 and was created by the Commodity Research Bureau as a broad indicator of commodity price movements. Many other indices followed such as the Standard & Poor's Goldman Sachs Commodity Index (S&P-GSCI) and the Dow Jones-UBS Commodity Index (DJ-UBSCI, formerly known as DJ-AIGCI). The traditional or first-generation indices tend to hold the most active contracts and promise a passive, long-only exposure to commodities. These indices have often been cast as suboptimal because they are long-only, rebalance infrequently and fail to take into account the term structure of commodity prices. To remedy these problems, a range of enhanced or second-generation indices 1 has emerged with novel features such as exploiting market signals influential to commodities (such as momentum), changing allocation more frequently or explicitly accounting for the propensity of commodity futures markets to be either contangoed or backwardated.
Buying commodity indices can be seen as portfolio strategies but given the proliferation of customized indices it has become increasingly challenging for investors to discriminate between them. This is largely because complex technical specifications can obscure their risk profile and because their characteristics vary greatly from one index to another (e.g. constituents, allocations, rolling techniques, diversification constraints and weighting schemes). To assist investors in this endeavor, our paper extends past research by offering a formal comparative analysis of two popular first-generation indices (S&P-GSCI and DJ-UBSCI) and their second-generation 1 To cite only a few, the following enhanced indices are open to investment at the time of writing this paper: Bache Commodity Index, Barclays Commodity Index, Credit Suisse Commodity Benchmark Index, Deutsche Bank Liquid Commodity Index, Diapason Commodity Index, DCI BNP Paribas Enhanced Index, JPMorgan Commodity Index, Merrill Lynch Commodity Index, MorningStar Commodity Index, UBS Bloomberg Constant Maturity Commodity Index. For detailed information on some of these indices, see Kazemi, Schneeweis & Spurgin (2008) .
counterparts that exploit signals based either on contract maturity, momentum, or term structure.
In so doing, the implicit goal is to test whether second-generation (enhanced) indices meet the twofold objective, often claimed by index providers, of matching the risk exposure to commodity markets of first-generation (traditional) indices while offering better performance to investors.
The paper contributes to the literature in three directions. First, it tests whether the performance of the first-generation S&P-GSCI and DJ-UBSCI can be enhanced by rolling to mid-to far-end contracts as opposed to front ones. Although maturity signals are not entirely new to practitioners, there is lack of empirical evidence on the liquidity-adjusted performance of maturity-enhanced indices. Our paper seeks to fill this gap by formally testing, via a commodity-based liquidity risk premium à la Pastor and Stambaugh (2003) , whether the observed outperformance is merely compensation for the less liquid distant contracts. This differentiates our paper from Mouakhar & Roberge's (2010) study where passive commodity portfolios that optimize roll yield are deployed but liquidity risk is not explicitly accounted for. Other important differences relate to our focus on enhancing the traditional S&P-GSCI and DJ-UBSCI and to the fact that we run a 'contest' between momentum, term structure and maturity signals for passive commodity investors, while Mouakhar & Roberge's (2010) main focus is optimizing the roll yield.
The second contribution is quantifying the return enhancement that can be earned from exploiting momentum and/or term structure signals in a long-only framework. The extant commodity literature has analyzed momentum and term structure strategies 2 in long-short settings. Thus there remains the question of whether the performance of the S&P-GSCI and DJ-UBSCI can be enhanced by exploiting momentum and/or term structure signals in a long-only 2 Erb & Harvey (2006) , Gorton & Rouwenhorst (2006) , Miffre & Rallis (2007) , Shen, Szakmary & Sharma (2007) , Fuertes, Miffre & Rallis (2010) and Szakmary, Shen & Sharma (2010) show that longshort strategies based on momentum, roll-returns or a mix of both signals can yield abnormal returns.
Other contributions such as Jensen, Johnson & Mercer (2002) and Vrugt, Bauer, Molenaar & Steenkamp (2007) highlight the role of fundamental information in forecasting commodity returns.
context too. This issue is of paramount importance to asset managers with long-only mandates.
As a byproduct, we run a horse race across all three signals (maturity, momentum and term structure) in order to provide investors with formal empirical evidence on their relative merits.
The final contribution is to test whether the superior returns afforded by enhanced indices come at the cost of losing the strategic roles of commodities; namely, their risk diversification and inflation hedge properties. Given that long-short commodity portfolios have been shown to be poor inflation hedges (Miffre & Rallis, 2007; Basu & Miffre, 2012) , this question is non-trivial.
To preview our key findings, we demonstrate empirically that long-only enhanced versions of the S&P-GSCI and DJ-UBSCI are valuable for both tactical and strategic asset allocations. The enhanced indices generate alphas ranging from 1.34% to 5.49% a year and thus are useful tactical bets. The time-to-maturity of the contracts stands out as the most profitable signal among those examined. The index-enhancement that targets distant maturities of up to 12 months generates an alpha of 4.85% on average. This outperformance is not merely driven by the lower liquidity of distant contracts. Our findings suggest that the enhanced indices retain the risk diversification and inflation hedging properties of the traditional S&P-GSCI and DJ-UBSCI documented by Bodie & Rosansky (1980) , Bodie (1983) and Erb & Harvey (2006) inter alios. They are thus as useful strategic asset allocation tools as are the traditional ones.
The rest of this article is organized as follows. The data are described next. Afterwards we discuss the methodology and empirical findings on the performance of enhanced S&P-GSCI and DJ-UBSCI versions. We then compare the strategic roles of traditional and enhanced indices by focusing on their ability to diversity risk and hedge inflation shocks. A final section concludes.
DATA
The S&P-GSCI is a production-weighted index of the prices of exchange-traded, liquid, physical commodity futures contracts with a heavy skew towards the petroleum sector. The DJ-UBSCI is both a liquidity and production-weighted index of the prices of exchange-traded, physical commodity futures contracts. The two indices were officially launched in July 1992 and July 1998, respectively, but their performance has been backfilled to January 1969 (S&P-GSCI) and to January 1991 (DJ-UBSCI). futures prices of all the commodities that form the S&P-GSCI and the DJ-UBSCI, and daily prices of the two indices. 4 We employ closing prices of the contracts traded on the London Mercantile Exchange (LME) − aluminum, copper, lead, nickel, tin and zinc − expiring on the 3rd
Wednesday of each month. Prior to December 2000, most of the LME futures did not exist, thus 3 The samples for the S&P-GSCI and DJ-UBSCI are allowed to begin at different time points because the purpose of the paper is not to conduct between-index comparisons (i.e. distinctions between the two indices) but instead to conduct within-index comparisons (e.g. the tactical/strategic roles of the enhanced versus traditional S&P-GSCI). Accordingly, we exploit as much data as is available on each index at the time of writing up instead of constraining the analysis to a shorter but common time span. Nevertheless, as a robustness check we repeated the main analysis of the S&P-GSCI using January 4, 1991, as starting date thus making it common to both indices. The main qualitative findings regarding the superiority of the enhanced S&P-GSCI vis-à-vis the traditional counterpart and their strategic asset allocation roles remain unchallenged. This is to be expected since the shorter and longer samples for the S&P-GSCI differ in less than 3 years (11% of total observations) which do not represent a particularly anomalous period. Detailed results are available from the authors upon request. 4 The indices are available on both an excess return and total return form. The excess return indices reflect the return of underlying commodity futures price movements only, whereas the total return indices represent the return of fully-collateralized futures positions. In line with previous research, we have not included the return of the collateral in our analysis. For expositional simplicity, the term "return" throughout the paper refers to the excess return of traditional and enhanced indices.
in order to replicate the indices we use for these commodities daily forward contracts with fixed maturities which are available from Bloomberg.
The index constituents and starting dates are listed in Table I. The table also includes information on rolling schedules and on the exchanges where the contracts were traded at the time of writing this article. We start by carrying out a replication of the first-generation indices following the methodology in the index providers' handbooks; see S&P-GSCI (2007) and DJ-AIGCI (2006) . 5 The statistics reported in Appendix A bear out a successful replication exercise.
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[ Table I around here]
MATURITY-ENHANCED INDICES
Providers of first-generation indices typically roll positions from the front to the second contract on pre-defined schedules. This methodology, however, does not take into account the shape of the term structure of commodity prices nor the fact that the volatility of forward prices rises as contracts approach maturity (Samuelson, 1965; Daal, Farhat & Wei, 2006) . Consequently, traditional indices can exhibit significant roll-losses, extreme volatility and returns that can differ substantially from commodity spot returns. This section presents a formal investigation of the conjecture that maturity signals can enhance the performance of traditional indices and that the outperformance is not merely a compensation for the lesser liquidity of distant contracts.
5 At the start of the expiration month, futures contracts that are expiring are rolled (exchanged) for contracts with the next applicable expiration month as detailed in Table I , columns 5 and 6. The roll-period lasts 5 days and occurs on the 5 th through the 9 th business day of the month for the S&P-GSCI (6 th -10 th for the DJ-UBSCI) at a rate of 20% per day dollar-weighted. The indices are replicated by combining the yearly weights provided by the index providers with the daily returns of the index constituents. 6 To name a few, the S&P-GSCI and the replicating portfolio have identical annualized geometric means and the difference between their annualized arithmetic means is negligible. The S&P-GSCI and replicating portfolio have also similar Sharpe ratios. In terms of risk, the annualized volatility of the replicating portfolio, skewness, kurtosis and 99% VaR are undistinguishable from those of the S&P-GSCI. The correlation between the mimicking portfolio and the S&P-GSCI at 0.9992 is insignificantly different from unity. Likewise for the DJ-UBSCI.
Methodology
Instead of rolling the constituents as in the traditional S&P-GSCI and DJ-UBSCI methodologies, the idea is to roll into the specific contracts in the term structure of each constituent that give us an average maturity (expiration) of either 3, 6, 9 or 12 months. Taking aluminum as an example, the 3-month maturity S&P-GSCI spends 69% of the time on the third contract and 31% of the time on the fourth, on average over the whole sample. As a result, its average time-to-maturity is 2.83 months. Similarly, the 6-month S&P-GSCI targets 6-month maturity contracts. In the case of aluminum, this implies holding an investment with an average time-to-maturity of 5.82 months, spending 69% of the time on the 6 th month contract and the remaining 31% on the 7 th month contract. For some commodities, it is simply unfeasible to hold contracts very far inside the term structure either because these contracts do not exist at all or because they did not exist at some point in the sample period. However, in order to match the first-generation indices, we keep those commodities by focusing on the contracts that are the closest to the target maturity.
It is important to note that, since our main purpose is to isolate the impact of time-to-maturity on index performance, the weight allocated to a given commodity in the enhanced index is identical to that used by first-generation index providers. Hence, the first-generation indices and maturity-enhanced ones differ only regarding the specific location on the term structure of the contracts and not regarding the weight assigned to each of the contracts. [ Table II around here]
Performance and Risk Profile of Maturity-Enhanced Indices
The tracking error of the maturity-enhanced indices (4.50% a year on average) and their betas relative to first-generation indices average out at 0.7838. Both aspects, non-zero tracking error and deviation of betas from 1, can be seen are the prices to pay for improved performance. However, any tracking error below 10% is typically considered acceptable; see e.g. Mouakhar & Roberge (2010) . The pairwise correlations between the returns of the maturity-enhanced and first- 7 The residuals of each regression were subjected to the Breusch-Godfrey LM autocorrelation test and Engle LM heteroskedasticity test (both for a maximum lag order of 12). The residuals generally have white noise properties but in a few cases there is evidence of autocorrelation and/or heteroskedasticity. Hence, the significance t-ratios are based on either the usual OLS standard errors, heteroskedasticity-robust (White) ones or autocorrelation-and heteroskedasticity-robust (Newey-West) ones, as appropriate. 8 Investors in index trackers are first and foremost interested in the ability of the tracker to mimic the ups and downs of the underlying index. The lower the tracking error and the closer the tracker's beta (relative to the index) is to unity, the better the ability of the tracker to passively mimic the index; see Elton, Gruber & Busse (2004) for index funds or Elton, Gruber, Comer & Li (2002) for exchange traded funds. Tracking errors are measured as the annualized standard deviation of the residuals from a regression of the mimicking portfolio returns on the original index returns; e.g. see Pope & Yadav (1994) .
generation indices are very high (in the ballpark figure of 95%) and statistically undistinguishable from 100%. These properties suggest that the maturity-enhanced indices mimic reasonably well the underlying commodity market, thus lending themselves as appropriate tools for strategic asset allocation (i.e. risk diversification and inflation hedging). Samuelson's (1965) maturity effect suggesting that the volatility of futures prices increases as contracts approach maturity. However, the maturityenhanced indices are riskier than the traditional indices in terms of third and fourth moments, namely, they are more negatively skewed and more leptokurtic.
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For completeness, we also examine the performance of the individual constituents of the maturity-enhanced indices (listed in Table I ) and find that their mean return tends to increase and their volatility to decrease with contract maturity. The most extreme instance is natural gas with 9 The 99% VaR (Cornish-Fisher) reported is a downside risk measure representing the monthly loss which is expected to be exceeded only once every one hundred months. Cornish-Fisher VaR takes into account deviations from gaussianity of the returns distribution such as high skewness and leptokurtosis. 10 The negative skewness of the first-generation and maturity-enhanced indices (also common to other enhanced indices below) might come as a surprise since rises in demand linked to the extraordinary economic growth of emerging markets such as China, wars or weather-related disturbances inter alios have a positive impact on prices inducing a longer right tail in the distribution of commodity futures returns (Erb & Harvey, 2006; Gorton & Rouwenhorst, 2006) . Further analysis indicated that this negative skewness is an artifact of the very poor index performance over the period July 2008-November 2008 (over those five months, a dramatic fall in commodity prices was observed which can be linked to the slowdown in worldwide real economic activity triggered by the global financial crisis). For instance, for the first-generation S&P-GSCI and DJ-UBSCI the skewness becomes 0.3537 and 0.1990, respectively, if the sample ends in June 2008 instead. We should emphasize, however, that the exclusion of those five months from our analysis has no impact on the overall conclusions of the paper regarding the behavior of enhanced indices. Detailed results are available from the authors upon request.
an annualized differential mean return of 24.77% between the 12-month and front contracts; as maturity increases, the standard deviation of returns decreases from 51.5% (front-end contracts)
to 23.1% (12-month contracts). Similar patterns are observed across the term structure for most commodities although not universally. Precious metals are a noteworthy exception as they do not present much differentiation in mean returns and standard deviations along the curve. In the case of copper, a spread in mean return of merely 0.18% a year is found between the 12-month and the front contracts; likewise, the standard deviation of returns decreases very little from 24.5% (front contracts) to 22.1% (12-month contracts). Detailed results for all 30 constituents are unreported, to preserve space, but are available from the authors upon request.
Is the Outperformance of Maturity-Enhanced Indices Driven by Illiquidity?
It is commonly acknowledged that contracts located in the mid-to far-end of the term structure are less liquid than front contracts. This is confirmed empirically in Table III by comparing the average open interests (OI), or the amount of outstanding contracts, of the S&P-GSCI and DJ-UBSCI constituents along their respective term structures. 11 In all but two cases (aluminum and copper), the average OI of the front contracts substantially exceed those of the 3-to 12-month contracts. On average across the commodity spectrum, the OI of the front contracts (at 38,885) doubles that of the 3-month contracts (at 19,282) and the gap widens monotonically along the term structure, becoming 15 times higher than that of the 12-month contracts (at 2,586). As investors demand a premium for holding less liquid assets (Amihud, 2002; Pastor & Stambaugh, 2003) , the outperformance of maturity-enhanced indices identified in Table II could be merely a compensation for taking on additional liquidity risk.
11 Monthly OI observations are available from Datastream for most of the constituents listed in Table I . The exceptions are copper NYMEX, lead, nickel, tin and zinc. The reported average OIs are for the time period from January 1991 to November 2008.
[ Table III around here]
We test this conjecture empirically via a two-factor model by regressing the returns of each maturity-enhanced index on a constant, the returns of the corresponding first-generation index, and a commodity-based liquidity risk premium constructed as in Pastor & Stambaugh (2003) .
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Appendix B provides details of the methodology employed to derive the latter. The regression coefficients, reported in Table IV , reveal three noteworthy aspects. First, the returns of the maturity-enhanced indices are related to liquidity risk in a plausible manner, as borne out by significantly positive liquidity betas that increase monotonically with contract maturity. Second, the index betas in the regressions that include the liquidity risk premium (Table IV) are quite close to those from regressions excluding it in line with the fact that the two factors are orthogonal. For instance, the index beta across maturity-enhancement strategies stands at an average of 0.7926 in Table IV (two-factor model) and at an average of 0.7838 when a singleindex model is used (Table II ; Panel A). Last but not least, the alphas of the maturity-enhanced indices, irrespective of the strategy considered (3-month to 12-month), remain significant both economically and statistically after controlling for liquidity risk at 5.16% (S&P-GSCI) and 3.71%
(DJ-UBSCI) a year on average. They also rise monotonically with maturity. Therefore, although liquidity risk plays a role, as one would expect, it cannot fully account for the outperformance of the maturity-enhanced indices relative to the traditional ones.
[ Table IV around here]
In subsequent sections, we investigate in a long-only framework the performance of indexenhancement strategies based on momentum, term structure or a hybrid of both signals. Because traditional asset managers have long-only mandates, this exercise is worthwhile given the vacuum of research in this regard; existing commodity studies on momentum and/or term structure solely concentrate on long-short strategies. Therefore it remains to be shown that abnormal performance can be earned by following momentum or/and term structure signals in long-only settings. We first outline the methodology for each index-enhancement and then analyze the resulting riskreturn profile. The alphas of momentum-and/or term structure-enhanced indices are measured via the same two-factor model outlined above, treating as risk factors the corresponding firstgeneration index and the commodity-based liquidity risk premium of Pastor and Stambaugh (2003) . This is to maintain consistency throughout the paper.
MOMENTUM-ENHANCED INDICES Methodology
Following a recent literature that documents momentum effects in commodity futures markets (Erb & Harvey, 2006; Miffre & Rallis, 2007; Shen, Szakmary & Sharma, 2007; Szakmary, Shen & Sharma, 2010) , we deploy enhanced versions of the first-generation S&P-GSCI and DJ-UBSCI that exploit price continuation. Accordingly, if a specific constituent performed well (or poorly)
relative to its peers in the recent past, it is expected to outperform (underperform) in the near future. Thus the essence of momentum-enhancement strategies is that the weighting of the commodity with the best (worst) past performance is increased (decreased) vis-à-vis its weighting in the traditional index by a larger percentage than the weighting of the commodity with the second best (worst) performance and so forth.
For concreteness, at the start of every roll-date (5 th and 6 th business day of the maturity month, respectively, for the S&P-GSCI and DJ-UBSCI), we calculate the mean daily return of each constituent over the preceding month. We then rebalance by adjusting the original index weightings (S&P-GSCI or DJ-UBSCI) upwards/downwards for a given constituent if its previous month's performance was above/below the cross-sectional median. Thus the weightings of the best performers (called winners) over the preceding month are adjusted upwards and the weightings of the worst performers (called losers) over the preceding month are adjusted downwards. The resulting long-only portfolio 13 is held for one month at the end of which we update again the weights of the constituents of the momentum-enhanced index to a new value that is derived from the original weights and past performance as formally presented below.
Between roll-dates, weights evolve naturally according to their performance as follows:
whereas on roll-dates weights are specifically adjusted to exploit momentum. Two aspects of our weight adjustment are aimed at making it robust to outliers (i.e. infrequent extreme low/high returns). One is the use of the median as measure of central tendency. The other is reliance on the relative performance of index constituents.
14 For concreteness, the weights of constituents with below-or-equal-to-median average returns are adjusted on the t roll-date as follows:
where the subscript i=1 to m (m<N) refers to the constituents that have exhibited mean returns below-or-equal-to-median in the previous month, N is the total number of constituents for each index, t is the roll-date (5 th or 6 th business day according to the index), wadj i,t is the weighting of constituent i after the adjustment on the t roll-date, wo i,t is the original index weighting for the commodity at that roll-date, p is the percentage by which we want the weighting of the below-themedian commodities as a whole to fall (we adopt p= 50%) and position i,t is the ranking of the i th constituent on rolling day t. Position takes the value of 1 for the asset with the worst performance, 2 for the second-worst performance asset and so forth.
We adjust first the weightings for all the below-the-median constituents in order to determine the maximum increase in the weights for the contracts with above-the-median performance so that, by construction, the new weights (like the original ones) add up to one. The weights for the constituents with above-the-median performance are then adjusted as follows: 
where position is the asset's performance rank equal to 1 (best), 2 (second-best) and so on.
Performance and Risk Profile of Momentum-Enhanced Indices
Summary statistics for the momentum-enhanced indices are presented in Table V , column 3.
Their outperformance, as measured by the spread, on a yearly basis stands at 1.29% (S&P-GSCI) and 1.46% (DJ-UBSCI). Similarly, the Sharpe ratios of the enhanced indices (at 0.2284 on average) are nearly 50% higher than those from the traditional indices (at 0.1543 on average).
[ Table V around here]
Momentum enhancement earns average annualized alpha of 1.35% which is moderate in comparison to that from maturity enhancement (c.f. Table IV ) and unreliably different from zero but nonetheless economically significant. Also in contrast to the latter, the liquidity betas of the momentum-enhanced indices are negligible which is quite plausible given that they trade the most liquid contracts located at the front-end of the term structure.
The tracking errors of momentum-enhanced indices are low (at about 3.8%) and their betas relative to the underlying indices are insignificantly different from unity. Moreover, the high correlations between the returns of the enhanced and traditional indices at 98.43% (S&P-GSCI) or 96.73% (DJ-UBSCI) are statistically not different from 100%. In terms of volatility, kurtosis and 99% VaR, the risk profile of the indices and enhanced replications are virtually identical; the only exception is the skewness of the enhanced indices which appears favorably less negative. Overall this evidence suggests that momentum-enhanced indices offer outperformance relative to traditional indices while also mimicking quite well the ups and downs of commodity markets.
TERM STRUCTURE-ENHANCED INDICES Methodology
Backwardation (contango) occurs when the term structure of commodity futures prices is downward-sloping (upward-sloping) which materializes in positive (negative) roll-returns. 15 Erb & Harvey (2006) , Gorton & Rouwenhorst (2006) and Fuertes, Miffre & Rallis (2010) show that commodities with high roll-returns tend to outperform commodities with low roll-returns.
15 Backwardation and contango arise as a result of the imbalance between long and short positions of hedgers which requires the action of speculators to restore equilibrium (e.g. see Basu & Miffre, 2012) . They can also be linked to inventory considerations according to which contangoed markets exhibit high inventory levels and backwardated markets low ones (e.g. see Gorton, Hayashi & Rouwenhorst, 2008) . The roll-return is the price gap between distinct-maturity contracts, R t ={ln(P t,1 )-ln(P t,2 )}×365 / (n t,2 -n t,1 ), where P t,1 is the time t price of the nearest-to-maturity contract, P t,2 is the price of the second-nearest contract, n t,1 (n t,2 ) is the number of days between time t and the maturity of the nearby contract (secondnearby contract). For example, take crude oil prices on the first day that the term structure-enhanced DJ-UBSCI was constructed (i.e. January 31, 1991). On that day, the front contract (with a Building on this evidence, we examine the performance of traditional indices enhanced by term structure (TS) signals. Accordingly, on roll-dates we rebalance each constituent's weight upwards (downwards) if its roll-return is above (below-or-equal) the median roll-return. If a constituent is in relatively strong backwardation (i.e. it has higher roll-return than its peers), it is expected to perform well in the future, so its weight is adjusted up. Likewise, if a constituent is in relatively strong contango (i.e. lower roll-return than that of its peers), it is expected to perform poorly in the future, so its weight is adjusted down.
The corresponding long-only portfolio is held for one month at the end of which the constituents weights are reset to values determined according to the original index weights and the then-prevailing relative roll-returns. More specifically, the weights of constituents with below-or-equal-to-median roll-returns are set as in equation (2) and those of constituents with above-the-median roll-returns are set as in equation (3); the main distinctive aspect of this strategy (versus the momentum one) is that the ranking criterion is the relative roll-return on the roll-date. Again between roll-dates, weights evolve daily according to (1) in a natural fashion.
Performance and Risk Profile of Term Structure-Enhanced Indices
As shown in Table V , column 4, the TS-enhanced indices are effective tools for tactical asset allocation. This is borne out by Sharpe ratios almost twice as high as those of the first-generation indices (column 2) and by economically and statistically significant alphas of 2.28% per annum on average. Liquidity betas undistinguishable from zero suggest that the TS-enhanced indices are not subject to liquidity risk, in line with the fact that they trade liquid front contracts.
The tracking errors of the TS-enhanced indices at 3.81% a year on average are acceptable while the betas of the TS-enhanced indices relative to the first-generation counterparts at 0.9458 (S&P-GSCI) and 1.0054 (DJ-UBSCI) are reliably equal to unity according to t-tests. Likewise, the correlations between the original and TS-enhanced indices are very strong at 98.11% (S&P-GSCI) and 97.01% (DJ-UBSCI). The risk measures (volatility, skewness, kurtosis and 99% VaR) obtained for both types of indices, original and enhanced, are nearly identical. Overall the TSenhanced indices are shown to mimic reasonably well the fluctuations in commodity markets and are thus likely to be suitable tools for strategic asset allocation.
HYBRID MOMENTUM/TERM STRUCTURE-ENHANCED INDICES Methodology
A strategy that jointly exploits momentum and TS signals is put forward in Fuertes, Miffre & Rallis (2010) in a long-short framework. Here we deploy a similar "hybrid" strategy in a longonly framework as a novel type of index-enhancement. If a specific constituent presents higher roll-returns (term structure) and better past performance (momentum) than its peers, it is expected to perform well in the near future, so its weight is adjusted upwards. On the contrary, if a constituent presents lower roll-returns and worse past performance than its peers, it is expected to perform poorly in the near future, so its weight is adjusted downwards. Accordingly, the longonly portfolio that adjusts upwards (downwards) the weights of high-roll (low-roll) commodities with good (poor) past performance is held for one month. At the end of the month, the weights are reset to a value that is derived from the original weights, past performance and the then-prevailing roll-returns as formally explained next.
In the weighting scheme based, first, on momentum and, second, on TS signals (hereafter, Momentum/TS), we begin by sorting the constituents according to the previous month's mean return and compute its median. Commodities are thus allocated into two groups, above and below the median, and the weights of the winners (losers) are adjusted upwards (downwards). This weighting scheme relies not only on past relative performance, as in formulae (2) and (3), but it also takes into account the relative roll-returns of the commodities within each group. For example, if the S&P-GSCI allocates x% to corn and corn pertains to the winner portfolio, our enhanced strategy will allocate more than x% to corn with the exact weighting determined by the relative roll-return position amongst winners. On the contrary, if the S&P-GSCI allocates y% to wheat and wheat belongs to the loser portfolio, our enhanced strategy will allocate less than y% to wheat with the exact weighting determined by the relative roll-return position amongst losers.
Since there is no reason for sorting on first, past performance and second, roll-returns, we also implement the reverse hybrid TS/Momentum strategy. Accordingly, we first sort the index constituents according to roll-return and calculate its median. The cross-section is then divided into two groups, below-or-equal and above this median; inside each group, the original weights of the commodities are adjusted according to the previous month's relative mean returns.
Performance and Risk Profile of Hybrid Indices
Summary statistics for the two hybrid-enhancement strategies are given in Table V, A comparison across index-enhancement strategies reveals that the risk-adjusted performance of momentum-and/or TS-enhanced indices (Table V) appears inferior to that of maturityenhanced indices (Tables II and IV) . Thus contract maturity stands out as a better signal for tactical asset allocation than past performance or roll-returns. To illustrate, the Sharpe ratios reported for maturity-enhanced indices are in the ballpark figure of 0.50, essentially doubling those for momentum or/and TS-enhanced indices. Similarly, the maturity-enhanced indices earn higher annualized alphas of 4.43% on average versus 1.97% for the momentum-or/and TSenhancement. In the same vein, the mean spreads are higher for the maturity-enhanced indices.
A final noteworthy aspect of momentum-and/or TS-enhanced indices is that the constituents' weights are, by construction, more variable over time than those of first-generation indices. This is illustrated in Appendix C for the S&P-GSCI. As measured by the standard deviation of each weight time-series, the increase in weighting volatility of the enhanced indices amounts numerically to a 1.26:1 ratio for the combined Momentum/TS signal, 1.25:1 for the individual momentum signal and 1.27:1 for the individual term structure signal. Although the volatility increase is not dramatic, it nevertheless serves as warning that part of the outperformance may be a compensation for an increase in transaction costs. 16 We are reasonably confident, however, that the additional trades required for mimicking the momentum and/or TS-enhanced indices will not 16 Our monthly frequency of weight re-allocation for the momentum-and/or TS-enhanced indices replicates the typical monthly roll schedules of the original index providers (see Table 1 ). However, it should be noted also that for some contracts in the original indices the roll schedule is less frequent than monthly whereas we are enforcing a monthly rolling schedule throughout. As a result, the number of trades and thus the transaction costs incurred are likely to be somewhat higher for the enhanced indices.
wipe out their incremental mean returns and alphas for various reasons. The cost of commodity futures trading is negligible (less than 0.033%) as highlighted in Fuertes, Miffre & Rallis (2010) , the cross-section on which the strategies are implemented is small (up to 30 commodities) and the assets traded are located in the front-end of the curve, thus very liquid. All these aspects lend support to our contention that alphas should not vanish net of trading costs.
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COMPARISON WITH PREVIOUS RESEARCH
Several methodological differences can be identified between our paper and existing commodity markets research (e.g. Miffre & Rallis, 2007; Shen, Szakmary & Sharma, 2007; Fuertes, Miffre & Rallis, 2010; Mouakhar & Roberge, 2010; Szakmary, Shen & Sharma, 2010) . First, the only existing study on maturity signals is by Mouakhar & Roberge (2010) but their main focus is rollyield optimization, only 10 commodities are considered, and liquidity risk is not accounted for.
Second, the profitability of momentum and/or TS-based strategies is analyzed here from the viewpoint of long-only passive commodity investors, while former papers that exploit such signals opt for a long-short active framework. In this respect, the passive momentum and/or TS index-enhancement methodology and analysis carried out here is novel. Third, the present weighting scheme is based on the original weights of index providers which are adjusted upwards or downwards based on past performance and/or roll-returns, as formalized in formulae (2) and (3), while existing long-short papers opt simply for equal weights across portfolio constituents.
Fourth, all index constituents of the traditional indices are included in our momentum and/or TSenhanced portfolios whereas previous studies typically pick extreme performers out of the available cross-section. Last but not least, no other study has run a contest between all three signals (momentum, term structure and maturity), either in active or passive settings.
Notwithstanding the above sample and methodological differences, it is important to place our findings in the context of those previously reported. The average Sharpe ratios of long-short commodity portfolios range from 0.4051 (Miffre & Rallis, 2007) Our analysis establishes that the traditional index average returns of 3.68% (S&P-GSCI) and 1.97% (DJ-UBSCI) per annum can be increased to 8.73% and 5.85%, respectively, by departing from the conventional rolling methodology through simple maturity-enhanced strategies. On average across the two indices the improvement afforded is 4.47% across the 3, 6, 9 and 12-month maturity contracts. This improvement is comparable to that of 4.80% reported in Mouakhar & Roberge (2010) despite the fact that our long-only maturity enhancement strategy does not rely on roll-return optimization like theirs.
RISK DIVERSIFICATION AND INFLATION HEDGING
The empirical analysis thus far has documented that the enhanced indices have betas close to unity and very high correlations with traditional indices. Hence, a tentative conclusion is that the enhanced mimicking portfolios are as useful as first-generation indices for strategic asset allocation (i.e. risk diversification and inflation hedging). In order to strengthen this conclusion, Russell 2000 is added because it has become the standard benchmark for "small-cap" mutual funds. Table VI sets out the results.
[ Table VI around here]
Our findings square well with the extant literature (e.g. Erb & Harvey, 2006) in suggesting that the traditional indices are weakly correlated with fixed income indices (at -5.38% on average) and equity indices (at 15.14% on average). A piece of evidence not documented as yet in any other study is that the pairwise correlations between each of the enhanced indices and the fixed income/equity indices are virtually undistinguishable from the aforementioned correlations. We test the null hypothesis that the correlation between a first-generation index and a fixed income/equity index is identical to that between an enhanced index and the same fixed income/equity index. Unreported t-statistics for the differential correlation are all very small ranging from -0.915 to 0.499. It can thus be inferred that the co-movement of the S&P-GSCI/ DJ-UBSCI and traditional asset classes is broadly similar to that of the enhanced indices and traditional asset classes. 18 In sum, our results suggest that the outperformance of the enhanced indices does not come at the expense of inferior risk diversification.
Another crucial strategic role that traditional commodity indices have been shown to play is inflation hedging (see e.g. Bodie, 1983) . To consider this aspect, we measure quarterly 19 correlations between commodity index returns and unexpected CPI inflation defined as the difference between actual (or realized) inflation and expected inflation. The latter is estimated in two ways. First, an ARMA(1,1) model is fitted to quarterly inflation and its one-quarter-ahead projection (using information up to quarter t-1) is adopted as proxy for expected inflation at t.
Second, assuming random walk behavior for inflation and accounting for seasonality, as in Erb & Harvey (2006) , the expectation for inflation at quarter t is the inflation level at t-4, i.e. the same quarter of the previous year. The last column of Table VI sets out the results. A high positive correlation is indicative of an effective inflation hedge. However, it should be borne in mind that commodities have less than half weight in the CPI (about 40%; the rest corresponds to services) which limits the ability of any commodity index to act as a "perfect" hedge.
The correlations between unexpected inflation and traditional commodity indices are significantly positive and relatively high, e.g. at 0.50 (S&P-GSCI) and 0.46 (DJ-UBSCI) according to the ARMA approach. 20 The correlations between unexpected inflation and the 18 Monthly data on U.S. fixed income and equity indices are obtained from Datastream. We also considered less standard asset classes that include foreign investment using data on J.P.Morgan Global (fixed income) indices pertaining to Europe, Asia and Africa and on MSCI (equity) indices for Europe, Asia-Pacific and Latin America. The unreported pairwise correlations of the commodity index returns with these indices, available from the authors upon request, lead to the same conclusions. 19 For the purpose of demonstrating the inflation hedging effectiveness of commodities, previous studies have noted the larger signal/noise ratio inherent in lower frequencies. For instance, Bodie & Rosansky (1980) and Gorton & Rouwenhorst (2006) use quarterly data whereas Erb & Harvey (2006) opt for annual observations. We report results based on quarterly data but as a robustness check we repeat the analysis at monthly frequency. Although the correlations are smaller, on the whole the same pattern as with quarterly frequency was revealed. The U.S. CPI observations are obtained from Datastream. 20 There is consensus that inflation is a persistent process but the evidence on whether it contains a unit root (in line with the random walk assumption) is not clearcut. An augmented Dickey-Fuller (ADF) type enhanced indices are equally high at 0.53 (S&P-GSCI) and 0.49 (DJ-UBSCI) on average using the same ARMA modeling approach. This analysis shows that the enhanced indices are as good a hedge against inflation shocks as the first-generation indices.
CONCLUSIONS
Until relatively recently, investors interested in passively holding commodities as part of their strategic asset allocation resorted to first-generation indices such as the S&P-GSCI or the DJ-UBSCI. However, various aspects of these indices render them sub-optimal; amongst them, their low rebalancing frequency, the fact that they only trade front-end contracts and ignore signals known to be important drivers of commodity futures prices such as past performance and rollreturn. Since the inception of the Deutsche Bank Liquid Commodity Index in 2003, a plethora of second-generation indices has been "sold" to long-only investors as providing both broad exposure to commodity markets and enhanced performance. As a result of this index proliferation, it has become increasingly bewildering for investors to choose among competing indices. This article extends past research by offering a formal comparison of two first-generation indices, S&P-GSCI and DJ-UBSCI, and various enhanced versions thereof that exploit signals related to the time-to-maturity of the contracts, momentum and the term structure.
We draw three main conclusions from our analysis. First, the enhanced indices offer positive alpha of 3.20% per annum on average vis-à-vis traditional indices and therefore can be utilized for tactical asset allocation. Second, the largest enhancement is extracted from maturity signals by test for inflation over the 1989Q1-2008Q4 period cannot reject the unit root null hypothesis (ADF statistic = -2.49; p-value = 0.121) but the same test applied to monthly inflation over the same period strongly rejects it (ADF statistic = -8.23). Moreover, although in theory unexpected inflation should be serially independent, only the ARMA approach delivers an unexpected inflation series that closely resembles white noise as suggested by the Ljung-Box Q 4 test (statistic = 5.1281; p-value = 0.274) . This evidence favors the ARMA approach to model unexpected inflation.
targeting the distant contracts of up to 12 months. This yields a strong alpha of up to 5.49% per annum that is not merely a compensation for liquidity risk. Third, the enhanced indices are as appropriate for strategic asset allocation (i.e. risk diversification and inflation hedging), as the traditional S&P-GSCI and DJ-UBSCI. The overall conclusion is that second-generation indices are more efficient than traditional ones.
A possible extension of this study includes the design of long-only maturity-enhanced indices that assign higher weights to commodities with high past performance and above-average rollreturns and lower weights to commodities with low past performance and below-average rollreturns. Given that momentum, term structure and maturity signals are profitable in isolation, it is possible that a combination of them will add further value for investors.
Table I. Commodities and Active Contracts in the S&P-GSCI and DJ-UBSCI
Notes. The table contains the futures months included in the S&P-GSCI and DJ-UBSCI at the beginning of each calendar month, starting with January. The letter codes are F (January), G (February), H (March), J (April), K (May), M (June), N (July), Q (August), U (September), V (October), X (November) and Z (December).
Table II. Performance, Risk and Liquidity of Maturity-Enhanced Indices
Notes. The statistics for S&P-GSCI (DJ-UBSCI) are based on the period October 1988 (January 1991) to November 2008. Spread refers to the average of the returns differential between the maturity-enhanced and first-generation indices. t-statistics in parentheses are for the null hypothesis that alpha is 0, beta relative to index is 1 and the arithmetic mean of the spread is 0. Bold denotes rejection at the 1%, 5% or 10% level.
Index 3-month 6-month 9-month 12-month Index 3-month 6-month 9-month 12-month -0.5406 -0.6880 -0.7377 -0.7566 -0.3932 -0.5561 -0.6138 -0.6608 Notes. Columns two to five report Pearson correlations between monthly returns of commodity portfolios, and two traditional asset classes, fixed income and equity. The last two columns report correlations between quarterly returns and quarterly unexpected inflation; the latter is proxied by the residuals of an ARMA model fitted to CPI inflation and by the year-on-year CPI inflation change as in Erb & Harvey (2006) . is the total market capitalization of commodities in month t measured as the sum across contracts of the OI of each contract times its $ value in month t.
At a final step, we obtain the LRP of commodity futures by, first, running regressions of the returns of the front commodity contract on a constant, the liquidity shocks and the market returns using the first five years of monthly data,
and second, by sorting the commodities into deciles based on their estimated historical betas, , from the most liquid (low ) to the least liquid (high ). We then create 5 equally-weighted portfolios, buy the 5 th quintile (less liquid commodities), sell the 1 st quintile (most liquid commodities) and hold the resulting portfolio over the following 12 months. At the end of the 12-month period, the same procedure is repeated by rolling the estimation window 12-months forward and re-estimating equation (B3) to generate the returns of another portfolio. Thus each long-short portfolio is formed at year end (i.e. December of year t-1) using information of the previous 5 years and is held for 12 months (from January to December of year t).
So as to avoid leverage, the liquidity risk premium is assumed to be fully-collateralized, meaning that the return of the long-short portfolio is defined as half the return of the long portfolio minus half the return of the short portfolio. The long-short portfolio return thus obtained represents a LRP proxy in commodity futures markets. 
APPENDIX C Summary Statistics of Constituents Weights for First-Generation and Enhanced S&P-GSCI
